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Introduction
Researchers and the public are eager to know about the distribution of living standards in a society. Living standard of a household's members is determined by the material comfort derived from available goods and services. Economists consider the income distribution as a close proxy for the distribution of living standard. When heterogeneous household types are involved two complications emerge. First, different household types have different needs.
Members of differently sized/structured households with the same household income may attain different living standards. To obtain a measure that reflects differences in living standards across household types, household incomes must be adjusted for differences in needs. Second, for reasons concerning possible violations of axiomatic properties of inequality measures, 1 household size heterogeneity also raises the issue of an adequate weighting of each household observation when the distribution of living standards is derived.
A broad consensus exists concerning the differences-in-needs adjustment procedure. Usually, household incomes are deflated by so-called equivalence scales. Equivalence scales are measures of intra-household sharing potential and differences in family members' needs (i.e., of adults vs. children). Normalizing the equivalence scale of a childless one-adult household to a value of one, an equivalence scale gives the percentage change in household income required to maintain the household's living standard as household members are added.
Accordingly, equivalence scales measure household-size economies. Dividing household income by equivalence scale gives the needs-adjusted equivalent income of the household.
Concerning the weighting of household observations, the traditional approach in inequality measurement is a weighting of each and every household observation by household size. 2 As an example, when the Theil index is derived from a distribution of needs-adjusted equivalent incomes, a one-member household is assigned a weight equal to one and a four-member household is assigned a weight of four. Size weighting accommodates the principle of normative individualism: any person is considered as important as any other and is assigned the same weight. Accordingly, the size-weighted equivalent-income distribution depicts differences in living standards among individuals.
Although size weighting seems straightforward and intuitive, there is a lively debate, since decades ago, about its foundation in the context of inequality, poverty, redistribution and 3 horizontal equity analyses (see, for example, Vickrey, 1947 , Bruno and Habib, 1976 , Pyatt, 1990 , Bottiroli Civardi and Martinetti Chiappero, 1995 , and Cowell, 2000 . Particularly, some authors advocate a weighting of households by needs, i.e. by households' equivalence scales.
3
The so derived needs-weighted equivalent-income distribution depicts differences in living standards of equivalent adults. The specific characteristic of a needs weighted distribution is that income transfers between households leave the aggregate equivalent income unaltered.
This property is violated if units are size-weighted and income transfers involve heterogeneous household types. Consider the following household income distributions:
Income Number of household members
Equivalence scale 1 1 1 3 3 2
In this example, total equivalent income amounts to     no economies of household size and is thus a rather inefficient vehicle for converting income into equivalent income units. 4 Characterizations of size and needs weighted distributions can be found in the theoretical works of Ebert (1999 Ebert ( , 2004 , Ebert and Moyes (2003), and Shorrocks (2004) . 5 4 The problem we are concerned with here is the role of weighting schemes in ranking personal-income inequality across countries. 6 Our first contribution is to provide a systematic sensitivity analysis of country inequality rankings to the two weighting schemes mentioned above, a weighting by size versus needs. In particular, we want to answer questions of the following type: "For a given inequality index and a given equivalence scale, do positions of the United States and France in a country inequality ranking differ when households are weighted by needs rather than size?" The sensitivity of country rankings to weighting procedure is scrutinized for different inequality indices at different levels of household-size economies. Rankings are derived from a set of 20 countries from the Luxembourg Income Study, and bootstrapping techniques are applied to testing for significance of the results. To our knowledge, this is the first systematic sensitivity analysis of cross-country inequality rankings to using alternative weighting schemes.
Indeed, country inequality rankings turn out to be sensitive to the choice of weighting schemes. Apart from very low levels of household-size economies, Kendall's tau is always significantly different from 1, indicating that the association of size and needs weighted country inequality rankings is not perfect. Moreover, the association tends to become weaker with the presumed level of household size economies.
Our second contribution is the identification of the mechanics underlying the differences in rankings obtained from size and needs weighted distributions. An inequality decomposition by household types serves as the technical workhorse. The decomposition expresses overall inequality as the sum of inequality within and between population subgroups (household types). Both the within-group and the between-group component are sensitive to changing household weighting. We show that the quantitative effect hinges on the interplay of household-type specific inequality levels (and differences in the levels across household types), household-type specific mean incomes, and the relative frequencies of households of specific type. All these factors are country-specific. Consequently, switching from one weighting scheme to another may well affect measured inequality differently in one country compared to another, with implications for the positions of the countries in inequality rankings.
Here is a roadmap to our paper. Section 2 introduces the database. Section 3 introduces all the concepts, including the applied inequality indices, the bootstrap method, and the inequality decomposition by population subgroups. Section 4 summarizes our findings concerning the 5 sensitivity of country rankings to weighting procedure. Section 5 explores the underlying mechanics by means of inequality decomposition. Section 6 concludes the paper. 
Database and data preparation
The Generalized Entropy class of inequality indices is given by 
Kendall's tau takes values between -1 and +1, with a positive (negative) value indicating that ranks obtained from S -and N -weighted distributions are positively (negatively) correlated.
For 1   , the positive correlation is perfect, i.e. S -and N -weighted ranks of all countries coincide.
Inequality decomposition
To understand the mechanics underlying the differences in size and needs weighted country inequality rankings, i.e. 1   , we conduct an inequality decomposition by household types.
Suppose there is an exhaustive partition of the population into mutually-exclusive subgroups
The basic idea is to express overall inequality as a function of inequality within and between population subgroups. We partition the population into nine subgroups, distinguished by household composition.
Decomposability of an inequality index implies a coherent relationship between inequality in the whole population and inequality in its constituent mutually exclusive subgroups. An index is additively decomposable if it can be written as a weighted sum of the within-subgroup inequality indices plus a between-subgroup term based on mean equivalent incomes and 8 subgroup sizes. Indices of the generalized-entropy family are additively decomposable and can be written as
where GEW is within-group inequality, and GEB is between-group inequality. Within-group inequality is defined as
The first expression in equations (4a) to (4c), 
where k I denotes the (non-weighted) number of household observations of type k . Sweighted population shares are constant and do not depend on household-size economies  .
On the opposite, N -weighted population shares are dependent on  : The higher is  , the lower is the population share of the larger households relative to the smaller.
The second expression in (4a) and (4b), t t k   is the ratio of average equivalent income of type k households relative to the population-wide mean with 11 In the technical description we assume that ties in the country ranking do not exist. .
Average equivalent income of type k households is the same for both weighting schemes, whereas average equivalent income across households depends on the weighting scheme via the population shares. The between-group inequality component,
The between-group inequality from the size weighted distribution differs from the needs weighted as a result of differences in weighted average equivalent incomes, q . In the empirical part of the paper, the results from the decomposition will serve as a vehicle for explaining the sensitivity of bilateral country inequality rankings to weighting procedure.
Bootstrap inference
To test for statistical significance of our results, we have implemented a bootstrap approach following the theoretical framework outlined in Biewen (2002) . In a first step, we create a pooled database from the selected set of 20 countries. From the pooled database, we draw with replacement, 100 B  random bootstrap samples, using countries as strata. 12 For each country, each bootstrap sample has as many sampling units as the country-specific LIS database, and each sampling unit has the same probability of being selected. Hall's confidence interval at the 95 percent level is defined as
The bias-corrected confidence interval has advantages compared to standard confidence intervals when the underlying distribution, as it is the case for income distributions, is skewed (Hall, 1994) .
To investigate whether the bilateral ranking of any two countries l and m is significantly affected by the weighting procedure, we rely on the confidence intervals' upper and lower limits. The weighting procedure has a significant effect on the bilateral ranking if
For example, let the confidence interval for a given measure M and significance level be Taking a broader multinational perspective, we also take inequality indices to draw conclusions concerning the differences in size-and needs weighted cross-country rankings.
More precisely, the procedure outlined in (8a) and (8b) is carried out on any pair of countries.
If condition (8a) or (8b) 
Sensitivity of country inequality rankings to weighting schemes
The sensitivity of country inequality rankings to weighting schemes is scrutinized from a bilateral and a multinational perspective. The bilateral perspective is concerned with the question whether two countries l and m are consistently ranked according to the criteria defined in equations (8a) and (8b) [ Tables 1a and 1b about here]
For our set of twenty countries, Table 1a and Table 1b provide the three inequality indices (point estimates) together with the respective bootstrap confidence intervals underneath. [ Tables 2a and 2b about here]   Tables 2a and 2b summarize all inconsistent bilateral rankings from the two types of weighting. 
Statistics in
. For each pair of countries, the symbol "." indicates that bilateral rankings are immune to weighting for all three indices; else a three digit numerical sequence is provided. The first digit relates to a country ranking by means of the logarithmic deviation; the second to a ranking by the Theil coefficient, and the third to the half the square of the coefficient of variation. In the sequence, a "1" ("0") indicates, accordingly to the criteria (8a) and (8b), that bilateral rankings from size and needs weighted distributions are inconsistent (consistent).
For example, take the sequence " 011 " for Germany and Austria when 0.5
, both types of weighting lead to the same conclusion, namely that there is significantly more inequality in Germany compared to Austria. According to
, however, conclusions are weighting dependent. While size weighting suggests no significant difference in inequality levels in Germany and Austria, estimates from the needs weighted distributions indicate significantly more inequality in Germany.
We find a non trivial number of inconsistencies in bilateral rankings derived from size and The bilateral comparisons clearly indicate discrepancies that arise when switching from one weighting scheme to another. Indeed, various point estimates suggest outright reversals of country ranks when switching from one weighting scheme to another. As example consider point estimates for [ Table 3 about here]
We next turn to the multinational perspective. Numbers of discordant pairs (significant) together with rank correlation coefficients (point estimates and bootstrapped values) are provided in Table 3 
Decomposition analysis
This section starts with a general overview of the country-specific estimates from the inequality decomposition for both weighting schemes. Afterwards, we proceed with a detailed two-country case study. It seeks to carve out the country specifics of distributions of income and household types leading to weighting-dependent country rankings.
[ [ Table 4 about here]
For matters of space, we shall confine ourselves to one bilateral case study. Our case study Tables A2 together with Tables A3a-A3c in the Appendix. For France and Sweden, Table 4 conveys point estimates of mean logarithmic deviation, the inequality between-and within- These patterns in combination with the further disaggregated statistics in Table 5 make the effects of weighting schemes on country rankings intelligible. Particularly, Table 5 provides the determinants of the mean logarithmic deviation and its within and between component decomposed by the nine household types.
[ Table 5 about here]
Altogether, The second (third) panel of Table 5 gives household-type specific equivalence scales, needs weighted population shares and mean equivalent incomes relative to the population-wide means when 0.5
 
). The latter statistic reveals another remarkable difference between France and Sweden. It concerns the economic situation of childless single adults:
Average equivalent income of childless single adults falls far below the Swedish average. For
France, the gap is substantially smaller. Both effects combined it is not surprising that, compared with size weighting, a higher population share of childless single adults in case of needs weighting (particularly at high levels of household-size economies) has other implications for the within-and between-group component in Sweden compared to France: In Sweden, both effects have a quantitatively stronger positive effect on measured inequality when switching from size to needs weighting. As a result, size and needs weighting lead to (in)consistent findings when household-size economies are low (high).
Conclusion
There is broad consensus regarding the adjustment of household incomes via equivalence scales in order to control for household economies when research involves the distribution of income and living standards in a society. On the contrary, the modus operandi concerning the weighting of household units is open to debate. When a population of differently-sized households is transformed into an artificial equivalent population, two alternative conversion schemes have been advocated: a weighting by household size and by needs.
We have provided cross-country personal-income inequality rankings derived from size-and needs-weighted distributions. Our examination revealed that cross-country inequality rankings are sensitive to weighting for reasonable levels of within-household size economies. For example, when the square-root equivalence scale is applied, Kendall's rank correlation of size and needs weighted country rankings based on the Theil index is 0.905. Performing a twocountry inequality decomposition case study we isolated the channels that lead to differences in size and needs weighted country inequality rankings. The identification of these channels turned out to be a complex yet doable task.
Finally, we want to point out that beyond cross-country inequality rankings it may well be that also country welfare (mean equivalent income) or poverty rankings, as well as the assessment of the distributional effects of tax-transfer systems, are sensitive to the choice between the two weighting-types we have studied here. Table 1a . Size and needs weighted inequality estimates; equivalence-scale elasticity of 0.5
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